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COMPARISON OF TRAC CALCULATIONS WITH EXPERIMENTAL DATA*

James F. Jackson and John C. Vigil
Los Alamo= Scientific Laboratory
University of California
Los Alamos, New Mexico 07545

ABSTRACT

TWC is an advanced best-estimate computer code for analyzing postulated
accidents in light water reactors. This paper gives a brief description ot
the code followed by comparisons of TWC calculations with data from a variet’;
02 separate-effects, system-effects, and integral experiments. Based on their:
comparisons, the capabilities and limitations of the earl;’ versions Gt TRAc’

are evaluated.

‘1. INTRODUCTION

The Transient Reactor Analysi’i Code (TR?K) is being devclope~ at thr,
Los Alamos Scientific Laboratory (LASL) under the sponsorship of th(’ Divlzi:)n
of Reactor Safety Research, United States Nuclear Regulatory Commission. 7’MC
is an advonced best-estimate computer code for the analys~s of accidents in
llqht water reactors (LWRS).

The iritial versions of TRAC are directed prilndrily tovard ldtqe break
losr-of-coolant-acci (ients (I,OCAS) in pressurized WdtCl” reJctors (PWRS). Th,
first documented ve~sion, TKK-P1, was ccmpleted in March 1978. An improvef]
version, TMC-PIA, was released through the National Energy Software Cerl*.er
(ArqOrnE NatioIal. Laboratory) ill March 1979.

The culrent development effort is proc~eding along two patls. The first
~th is to con~inu~ the dev~lopment of versions that employ very detailed
thermal-hydraulic mod~linq. The next versiun to be released in this serirs is
an improved (and faster running) versiun tzf TRAC-PJA, This new version will
bc rlesignated as TRAGPu2 and is scheduled for release in the !prinq of 198fI.
Future versions of TRAC will be deslqnated as TRAC-xyz where X=P for PWR
versions and B for boili~g water reactor (Bh’R) versionsj y=D for detailed vfir-
sions and F for fast running vcrsion~l and z is a version d~~iqnatlon numlm~.

Even thcutah TRAC-PD2 will be much faster runniny than TRAC-PIAI t hP
aophi&ticateJ multidimensional hydrodynamics treatmer.t will still It=qlllr(’

substantial running time:; for large problems. For some ~ppl.icntions, ~ucl~ a!:
par~m~tric ~t~dies, much shorter rutlnlnq times are d~sirable. Fast runnin(l
veroiona of TI?AC are under development to satisfy thin need. Althouqh the:-,(’
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versions will provide less detail (and involve more empiricism), they can be
calibrated against the carefully assessed detailed versions for specific
applications. The initial fast rllnning PWR version, TRAC-PF1, is currently
under development at LASL.

The development of a version of TMC designed specifically to analyze
accidents in BWRS was recently initiated at the Idaho Natior,al Engineering
Labc~atory (INEL) with some technical support fr~>m General Electric ComPanY.
The initial BWR version, TRAC-BDO, was completed in December 1979. Develop-
ment of the initial release version, TRAC-BD1, is underway.

A key element in the TWC effort is to establish the predictive capabi].ity
of the released versions of the code. This is being done by a very careful
assessment against a broad range of experimental data. This involves both
blind pretest and posttest predictions and detailed posttest analyses. The
main purpae of this paper is to summarize some of the recent experimental
comparisons and give a brief evaluation of the current capabilities and l.imi-
taLions of TIU+C.

The iesulrs presented here werv nearly all obtained with TIV’,C-PIA. 111
some cases, similar calculations have been perfermed
of TIU+C-PD2. Some of these results will be mentioned
ficantly frorr TRAC-PIA, This is done to give a rn~re
rent TRJ+C Capability.

2. TRAC CHA~CTERIST’CS

with prerelease versions
where they differ sigr,j-
~ccurate picture of cur-

Detailed description of TRAC can uv found eleswhere. L,2,3 A ;ummar’y
description is given in this section to provide the appropriate background for
th; s paper.

TPAC can be character ized a:: hn advanced, best-estirnatt’ Lh’R sy~tem
analysir compute: program. It incorporates State-of-tl)e-art methods and
models. The models are desiqned to yield realistic solutions a:; epposed to
the conservative evaluation models used in licensing cod~s.4 use” -selected
optionn and “tuninq dials” tire minimized In the biisi~- fluid dynamics and heat
transfer modeling. This approach places great dma!irls on the basic thcrmal-
hydraulic modeling because the code must determine local flow topology and
supply appropriate constitutivr+ r~lati ns.
flow-reai:w -depender,* constitut]ve ;’elations
An ultimate goal of the TMC ~ffort is to
sttated capability to ~dequately preuict the
experiments with no tuning 01 basil- phys~cal

Thus, the development of accurate
is vital to the succe:,s of TWC.
produce codes that have a dcmun-
results of a very broad range of

,Itjdels from one test to another .

TRAC can h= USec? t ,3 ot,taill steady-state avlutionn to provide sclf-
consist~nt initial cenu)tions for suhscquen’ transient calculations. Bet!) a
st~ady-state and transient calculllt.ion ~arl be perforllll~rl in the same run it’
desired. An irnportdnt charactoriscic of TRAC is the ability +0 address the
entire LQCA (blowdowl~, bypas.!;, refill, and reflood) in r.m~ continuws and
consistent calculation. 7rIp:; can be specified to simulate protective syntern
actions oi rp~ rational procerlurcs

TRAC i~ completely modular
modul~:t, which consint of suhrout
modr ! vessels (with ae50ciated
etc. Tt)l? user can construct a
tocetl)pr an drb~trary nunllJ@r of

(e.g., the opening or clc’sinn of a valve).

by cornpc)nont anl by functi m. Cvrllpon”nt
lne~ or sets of sl:broutines, are ovailahlo to

interna19) , steam generators, pressuriz~ls,
wide vnripty of con! iquration~ by )~iflinq

these componcntfi in a meaningful way. Tl)uc ,
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k the user can solve problems ranging from a simpl~ pipe blowdown to a multi loop

PKR LWA. Component modularity allcws component models to be improved, l,lodi-
fied, or added wichrmt disturbing the rest of t~le code.

J

~unctional modules~ which also consist of subroutines or sets of sub-
routines, are available for multidimensional two-fluid hydrodynamics, one-
dimensional drift-flux hydrodynamics, thermodynamic and trans~rt propertics~
wall heat transfer, etc. Functional modularity allows the code to be easily
upgraded as imp:oved correlations and experimental information become
available.

A three-dimensional cylindri~al (r-e-z) or two-dimensional Cartesian (x-y)
hydrodynamic calculation can be performed within the reactor vessel. Lom-
ponents outside the vessel are ‘.reated in on~-dimensional geometry. ‘L”he
vessel module is used to model =.11 regions inside the pressure vess?l includ-
ing the downcomer, lower plenum, core, I-pper plenum, and upper head. It is in
these regions of the reactor system that multidimensional effects are most
likely to be significant.

Two-phase flow in the various TRAC components is treated usinq
nonhomogeneous, nonequilibrium models. A two-fluid six-equation nodel is user]
within the reactor vessel. These equations ~re k,,sed on the conservation of
mass, momentum, and energy for t.le separate liquid ~nd vapr fields. Supple-
menting these field cqu:tions are so-called constitutive relations (or CICIJUIC
equations) that rpcclfy (1) the transfer of mass, energy, and ntomenturn Iletwr,r:rl
the liquid and vapor pha~es and (2) the interaction of these phases with tll~’
system structure. ‘l’he nature of these interracial transfers and int.erdctlon:;
IS dependent -jIl [1OW topology alld~ there[olc, J flow-rwg imo-depenrlont constl-
tutive equation packd’je is included in TRAC. This packagi! is continually
being tested and upyrtldecl CIC new information becomes available and as our
unders~anrlinq of two-phase flow improves.

The flow in the one-airnensional 10JP components is descri!le~l bV a five-
equetion drift-flux model. These equations are based on conservation of mars,
energy, and momentum for the mixture and conservation of mass and Pnergy for
the vapor. Liquid and vapor ..,~locitjes ace not assumet’ to be equal, hut ar~.
expressed in terms of a relative velocity that is dependent on fiow tri,lolcmy.

Heat tr,lnsfer models in ‘1’RA~ incl ‘de (1) conduction models to calculate
temperature fields in structural materials and fuei rods arm (2) convectic?
modp;s to prov!rln hejt transfer between Structure and cot lant, HeaL transfpr
to tl,e tWO-phdSe fluid i} calculated using a g~neralized boiling c!urve curl-
structed from a library Ui heat t’ansfer correlations ba6ed on lIJr:al surl’ac~
and fluid, cond~tir.ms.

C,>nduction modcl~ arc avdflal)le for Olltainirlq tmnperature lic~ld~ jn
one-dimrnsio!:al (cylindrical) pipe walls, lurnpf’d-parameter slabs, and rJne-
dimcnsiunal (cylindrical) fuel rod geometries. Pipe wall conduction is utir+I!
in the components outside the vee+sel, whereas, the qlal~ and fuel rod cunduc-
t~on models are uzrwf in thr vessel module. The fuel rod conductioil a~~lysis
lccou!its [or qiip conductivity changes, metal-water reactions, and quenchin(l
phenomena. A fine-rncsh axial rcnodinq capability la available for fuf?l rod:;
to iIllow more rfe:elled modeling of reflood heat transfr!r and tra-:~;’lq of
qu,nch Ironts due to bottom flooding and falling films, Qucncll front:: art
adv~ncml ufiiny an empirical vcloctty co[ra]atio:l.



The system of field End COnStitUtiVe eqUatiOnS in TRAC is solved usinq
efficient SpaLlal finite-difference techniques. A semi-implicit time differ-
encing technique is normally used in most components. This technique is
subject to the Couranc stability limitation that restricts the time step size
in regions of high-speed flow. A fully implicit time diff~rencing option is
available for the fluid dynamics in most of the one-dimensic:lal components.
This option allows fine spatial resolution in reg.ons of Iligh Veloclty (e.g.,
in a nozzle) without restricting the time step size.

TRAC is designed to run on a CDC 7600 computer, but standard programming
techniques are being used to ease its conversion to other computers. All
storage arrays are dynamically allocated so that the only limit on problem
size is the availilble core memory. A capacity of 60K words of small core
memory and 220K words of lar~e cr!ru memory is sufficient to handle most pro-
blems of interest.

3. TRAC ASSESSMENT

Comparisons of TRAC calculations with experiment~l data have been made for
testc in a wide variety of experimental facilities as p~rt of a broaa code
assessment and testing program. TWO phases are involved in this program.
Developmental assessment is the first phase and is performed prior to Dublic

release of a partit-’~lar code version. It involves primaril;~ posttest analyses
and is closelv coupled to code development bince results can have an immediate
impact on the code models. The primary obj-ctive of developmental assessment
is to test the code models a~ainst avaiiable experimental results.

A code version is released for p lic use when developmental testincj
indicates that its FeLformance objectives have bee”, met. Independent assess-
ment, the second assessment phase, begins at this point and mainly involves
pretest and posttest pre”~”ctions of test! in desig~ateri facilities usiny the
pJhlicly released (and frozef,) versions of TRAC. The primary objective of
this phase is to determine the predictive capability of TRAC wl)en .~ppliwi tn
nr.w t$”sts involving differtnt scales and experimental configurations. In
aclrlition, r~slllts from this ~ssl~ssment phase provide quidancc for future code
vvrsio:s.

Thr terms prete~t prediction, posttest preiliction, and p ttte~t analyses
have the followillq meaning as utiu,d in this paper Pretest prediction. refer
to C~lCLll~tlOllS perforn,ed prior to perfOL”mance of the test. They ale .31SLJ
calln(l double-l).ini predictions because neither th~ ~ctual initi;~l all:]

IWandl?ry conditions nl)r the trarlaien? test results are known. An:icipatecl
initial Iwundpry condition are usual in a pretest prediction, POtitta!jt pre-
[lj~tinns are al~@ called ~inqle.i)lind calculations because Lhe actual init+al
and boundary corditlons al- known, ht. Che transient tert L:sults cre not
a“)dilablc. Pc:-ttest anc+lyse:: refer to calculations p?rfo~mod after all te~r
rpsults a~c availabl~!.

The ct)mpari:+~’ns presented in this paper represent ~nly a sampling of the
develr)pmetltal an,l independent assessment cdlculationa performed t+u~ far. The
result~ arl’ 3eparatecl into .ieparate-, system~-l and intcqral-effectt test:;.
TRAC has also }J@On app].icd to transients lri full-scalp PWRS and to plannd
larq~-scalu K@flOd facll\tler in R’~r,hlny And Japan. These applfestion:l
actjvitie;, ]nclutlinq calclllations of ~}.s Tf;l{w’-Milc-Ialand accident, are pto-

v~lling jnformiltinn on the ability of ‘;’I’M, ~.~) properly handle the ?ffects of
r!ral~.
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4.

of

of

SEPARATE-EFFECTS TESTS

Separate-effects tests
a component in the case
TRAC comparisons with

basically inVOIVe only one LWR comlxnent
of the vessel) and one phase of a LOCA.

these Pypes of tests are given in this
Included in these comparisons are pasttest analyses of a blowdown of
scale vessel, refill of a l/15-scale ves8el with counter-current steam-water

(or part
Examples
section.
a large-

flow in the downcomer, and forced reflooding of a full-length electrically
heated rod bundle. More detailed results of these posttest analyses can be
found in Ref. 3.

4.1 Marviken ~ull-Sc!ale Critical Flow Test 4

The Marviken full-scale critical flow tests5 can be used to assess che
ability of computer codes to predict large pressure vessel blGwdowns. Four
major components are included: a pressure vessel originally designed to be
par: of the Marviken BWR nLclear power plant, a discharge pipe? a test nozzle
with the minimum flow area in the system~ and a rupture disk assembly. For
Test 4, ‘he nozzle had a minimlm diameter of 0.509 m with a length/diameter
ratio of 3.

Before the test, deionized water partially filled the vessel and was
heated hy taking water from the bottom of the vessel out through an electric
heater and adding it back into the steam dome at the top of the vessel. This
procedurv produced a ratner complicated initial temperature distribution in
the vessel- Saturated ~team filled tne vessel region above the ini~ial water
level, and the water at the nozzle Inlet had a substantial a,mount of sub-
cooling (about 60 K). The test !.tas ~nitiated tJy ;elease 0[ the rupture disks
and terminated after about 48 s by clo~ing a ball valve in che dischargo pipe.

The TRAC rradel of Marvikell Test 4 includes four components. A zero
velocity FILL models the ves~el upper boundary$ a se.ni-impllcit PIPE model~
the vessel above the 2.6-m level, including the maximum diameter regicn and
the top cupolc; a fully implicit PIPE models the lower part of the vessel,
discharge pipe, nozzle, and rupture disc assembly; and a BREAK component pro-
vides a pressure boundary condiciol at the rupture disk assembly lower
boundary. Fifteen fluid cells were used ~n the semi-implicit pipe and 45 in
the fully implicit pipe. It sho’~ld be not~d that there i no emFirical break
model ‘.1 TF&-PIA arid that the break flows are, therefore, calculatra directly
from the basic fAow equat~ons.

.

TRAC resultc l~ere compared with tho Marviken blowdown flc~w L“atu and the
pressures and terrpelaturea at several locationFr. Figure 1 shows the l’hAC mass
flow rate compared with the flow rate derlvcd from velocl~y (pitot-static) and
differential pressllre measurements. T~~ rt’sultr3 agree very closely with tho
initial peak, somewhat uldcrpredict the qubcooled part of the blowdcwn, and
agree very well with the saturnted portion of the blowdown (20-45 s).

The pres~urc near the vessel CGp ts shawn in FiII. 2. Ali calculated
vess-1 pr~.+suren aru very close Lo the experimental results after the first
few secorrdfi. During this caily period, the data Ghow a dip probably duc to
delayed nucle~tlon if) the deionized water that TRAC-PIA does not mod~l. TIII?
agreement of the calculated fluid temperatures with meacurementa at variou~
locations in the vessel is similar to tl?at for the Pre9r3ure.

.5-
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Fig. 2. Pressure near top of vessel
for Marviken Test 4.

calculated and measured results for
Marviken TeSt 4 indicates that TIU+C properly treats scale effects in on(:-
dim~nsional. critical-flow configurations. This calculation also iaenciflw
the need for a delayed-r,ucleat ion model in TRAC. Such a model is now being

addea.

Cal(:ulations of six other Marvikcn tests, including twe biinu posttcst
predictions, indicated that two-dimensional flow effects in the nozzll” become
important as the nozzle length/diameter (L/D] ratio decreases. This e=fect
was particularly noticeable in Test 24 where L/D=O.3. This indicated t!]at a
critical flow nodel may be required in certain situations to provide adequate
1-D modrling. Various models are now being investigated for possible
inclusion in TRAC.

4,2 Crearc puasi-Static Countercurrent Flow Experiment

6 inveatiadteci the effects ofThe Creare countercurrent flow exp,rimcnts
countercurrent steam flow rate~ downcomer wall superheat: ahd ECC ~ut~conlinq
on the delivery of FCC water from the clowncorner to the lower plenum. 1’}1(?

Lasic component of the Creare test facility is a l/15-scale (linedr dlm@n-
~ion) , multiloop, cylindrical model of a PWR downcomer region. The Crear(?
vebsel can be arranged in at least six different geometrical configurations.
The configuration used in the tests analyzed here is the so-called “base-line”
configuration havinq a 0.0127-m (b.5-in. ) downcomer gap and a “seep plenum”
geometry. The vessel has four cold legs oriented 90° to each other. Th~(!;~
cf the cold leqs are assumed to be “intact” anti are connected to ECC ifljection
lines. A single “broknn” cold lt?g connects to the pr?ssure nupprussion tank.
Thc[c are also four hct legs; llow[v~r ir. the tests prest=ntly being conrider~d,
thr hnt legs are cloAPIi elf,



The test procedures for the quasi-static countercurrent flow tests are as
follows. Steam is injected at the top of the vessel, flows down the center of
the vessel into the lower plenum~ up the downcomer, and out the broken cold
leg. After reaching the steady steam flow rate, water is injected simulta-
neously and equally into the three intact cold legs at a constant preset flow
rate. After a short transient period, the plenum normally begins to fill.
The test is run until the lower plenum is full or until the filling rate can
be determined from strip chart records, A complete penetration curve is
composed of a set of tests at a given liquid injection rate and liquid tem-
perature with the steam flow rate varied over a range such that water delivery
ranges from complete delivery to complete bypass.

The Creare vessel wa modeled using 7 axial levels with each level
suMivided into 2 radial and 9 azimuthal zones for a total of 112 me: h cells.
The calculational procedure parallels that of the Creare experimental proce-
dure. A steady-state calculation is performed to establish a constant revers~

steam flow and, lower pler,,lm pressure. The intact cold legs are isolated and
the br~ken cold-leg back pressure is selected to give the correct lower plenum
pressure. This assures the correct liquid Subcooling when the ECC is
injected. This steady-state calculation
reverse Steam flow rate, see Ref.

‘s ‘Un ‘ntil J*gc (dimension=
6) reaches a constant value. The transient

calculation is then started from the steady-state initial conditions, but with
the inlet conditions in the th~ee intact cold legs specified to qive the cor-
rect ECC injection flow and temperature.

The transient values of J*gc and J*fd (dimensionless water flow rate
delivered to the lower plenum) are calculated at tk,e bottom of the downcomer,
and the ccllapsed liquid level in the lower plenum is calculated based on the
liquid fractions in that region. The plotted values of J*9C and J*fd for
each calculation are determined as follows. The value ‘f J’gc ‘s ‘he
initial steady-state value. This variable undergoes an initial transient
following ECC injection and may not return to the full value due to steam
condensation. The calculated value of J*fd is determined from the average
lower plenum filling rate as is the case with the experimental results.

The Creare quasi-static countercurrent flow experiments covered a wide
range of ECC flow rates and subcoolings. Four TRAC calculation were made to
generate two complete penetration (or flooding) curves. These t~ curves are
for the following ECC flow rates and injection temperatu~es: (a) 1.86 x
10-3 m3/s and 373 K (30 gpm ~nd 212°F) ard (b) 3.78 x 10-3 m3/s and
339 K (60 gpm at 150°F). The reaccor scale injection flow rate is 3.7EI x
10-3 m3/s {60 gpm). The first case has very low 8ubcooling and, there-
fore, the only e:fect that can produce bypass is the interracial drag between
the steam and the liquid. Figure 3 compares the results of the low subcoolinq
case. Near the complete dumping location at J*9C M 0.043, the calculated

~~~ze ‘zfe~~~~l,to 0’047n

which is in excellent agreement with the measured

At J high steam flow ratel J*9C = 0.14, there is almost
complete bypass of the injected liquid, At this steam flow r~te, TRAC also
predi:ts nearly complete bypass. I’he calculated J*fd 1s equal to ().005,
while the measured value is 0.004.

The second case has significant subcooling, and interracial heat transfer
now becomes significant in determining the quantity of liquid delivered. The
penetration curve becomes much flatter, which means that the sy~tem tends to
operate in either a complete bypcss or complete delivery mode. Operation in
the intermediate delivery/hypaas ~ange is thus ●xperimentally difficult to
achieve as t~,e chanqe in steam flow rate required to cause a transition from
complete delivery to complete b~pass is very small. Figure 4 compares the

-7-



1
\

015
+,

‘Q

010 ‘\
0’.

00s

OCREARE EXP DATA

A TRAC CALCULATION

TCCC,373K (212” F)

0;”
1

. I Eh5nlo”‘m’/d3O~)

---
---a--c--..,

:1
o~J_ldJ

003 004 005 006

❑KNSF3NLESS WATER FLOW OELIVEREO, J~d

Fig. 3. Flooding curve for Creare low
subcooling tests.

results for the high subcooling case.

020 * 1 I
\

O CREMEEXP OATA

\
A TRAC CALCLk A~N

T=1339K (t50”r)

‘h Olfi 03781ti3rn3/t(SOOm)
0.15- ‘m..

---
-o~-~

---
-s.

---
010 - m-

005
1

.~ u
o 0.05 0 u)—

DIMENSIONLESS wTER FLOWOELlvEREO,J~tj

Fig. 4. Flooding curve for Creare
high subcooling tests.

The complete dumping location at J*m~
= 0.10 is again in excellent agreement. The calculation shows that almost a~;
of the injected liquid is delivered to the lower plenum. At a steam flow rate

of J*gc = 0“*0,’ essentially all of the liquid is bypassed in both the
experiment and In the TFWC calculation. Thus, the critical end points for
this relatively high subcooling case are predicted quite well.

These calculations serve as “code-testing” for the interracial mamentum
and heat transfer constitutive relationships in the thr~e-dimensional VESSEL
module. The comparisons between experimental data and TRAC calculations were
in very good overall agreement. This indicates that TRAC is capable of satis-
factorily predicting the bypass and penetration of ECC in annular downcomer
geometries at this scale of experiment. Results of LOFT Test L1-4 (see Sec.
5.2) indicate that TWC also accurately predicts bypass on a larger scale
facility; however, further comparisons at even larger scale are neede(l.

4.3 FLECHT Forced Flooding Tests

The Full Length Emergency Cooling Heat Transfer (FLECHT) program is a
series of reflood h~at transfer simulat],on experiments designed to yield
separate effects experirrental data for use in evaluating heat transfer perfor-
mance of emergency core cooling systems in pressurizea water reactors. The
FLECHT tests to date car) be separated into the following four categories: The
early high flooding rate tests,”e systems effects tests (FLEC}IT-SET) ,9-11
low flooding ,ate tests ,12-14 and skewed power profile tests.15-16 The
high a:ld low flooding rate tests are of particular interest since these were
performed with forced flooding injection, which minimized system effects, and
are the simplest to evaluate for code model testing.

Except for the more recent skewed power tests, the experiments were
performed with 100 full-scale, electrically heated, nuclear fuel-rod simula-
tors in a square duct housinq. The axial pover profile of a nuclear rod was
approximated by a step-wise variation in L’le number of heater wire coils per
unit length. The total power during the experiment was programmed to follow
the ANS ~wer, d~cay curve, plug 20%, normalized to an assumed delay time until
the start of reflood (usu?lly 30 s).

-8-



The test procedure was as follows. The lower section of the flow housing
was filled with water to the bottom of the heated rod length. Power to the
rods and housing was applied and maintained until the desired initial rod
cladding temperatures were attained. Flcoding at the specified rate was then
initiated and simultaneously, the power w,’s ramped on the desired decay
curve. Temperatures and related fluid conditions were recorded until the
bundle was completely quenched.

The single-channel geometry of th~ se experiments lends itself very well to
the use of the slab vessel option in TRAC. As a matter of fact, a one-
dimensional representation ~as obtained by using only one cell per axial
level. The base case model contained 9 axial levels in the core with each of
these levels containing 5 fine-mesh axial intervals for the reflood heat
transfer calculation. Canduccion in the electrically heated rod was reprc-
sented with 8 radial nodes. Initial conditions were set at measured input
valu-s for rod, housing wall, and fluid t~mperatures. Since sufficient
exp~rimental detail is not available to determine all necessazy input values
precisely, some interpolation or estimation of initial temperatures was
performed.

Test conditions for the three cases presented here are given in Table I,
and a summary of the calculated and measured res~llts is given in Table 11.
TRAC-PIA predicts the maximum temperature (and hence the temperature rise)
quite well for all three tests. For the high flooding rate case (Test 03541),
the calculated Turnaround time and quench time also agree very well with the
data. This is n~t the case, however, for the low flooding rate tests where
the code predicts early turnaround and qllenching. The early turnaround times
are believed to result from excess vapor generation calculated in the lower
region of the rod bundle. Underprediction of carryover rates results in a
-apid refill of the core region and accounts for early quenching..

TRAC tends tc overpredict the heat transfer coefficient for the upper
reginns of the rod bundle from the turnaround point to the quench time. This
resulted in wall temperatures that were lower than the experimental data.
Consequently, the quench temperatures were also low as compared to the data.

The comparisons of the TRAC predictions and the FLECHT reflood data were
used to evaluate the two-phase flow and reflood heat transfer moaels in the
vessel component, It was apparent that the reflood heat transfer models in
TRAC-PIA are less than sat<.sfact.ory for predicting the low reflood rate pheno-
mena observed in the FLECHT forced flooding experiments. Specifically, the
quench front propagation, liquiu entrainment, and transition and film boiling
heat transfer moriels were items that required further development. These
areas, along with difficulties encountered under g~avity-flow and systems-
response conditions, are being improved in the next code version (TRAC-PD2).

TABLE I

FLECHT EXPERIMENTAL TEST CONDITIONS FOR TRAC CALCULATIONS

Test Pressure Inlet Fluid Flooding Peak Pow~r
Number .QE!- Temperature (K) Rate (m/s) (kW/m)

03541 0,39 337.6 0.25 4.07

04831 0.28 374.8 0.04 3.12

02414 0.28 327.1 0.02 2.76

-9-



TABLE II

SUMMARY OF CALCULATED AND MEASURED RESULTS
AT THE FLECHT BUNDLE MTDHEIGHT

Test 03541 Test 04831 TesL r~-”i4——
EXP. TRAJ EXP. TRAC TfiC=—

Initial Temperature (K) 1143 1144 1144 1144 1144 1144

Max. Temperature (K) 1193 1190 1333 1333 1453 1449

Temperature RISe (K) 50 46 189 189 308 305

Turnaround Time (s) 8 6 74 40 96 &o

Quench Time (s) 71 72 219 170 345 210

A completely new reflood t~eatment that explicitly treats axial !~eat cor,auc-
tion near the quench front has been implemented. Tests to date are shawing
significantly improved results.

5. SYSTEMS-EFFECTS TESTS

Systems effects tests involve several coupled LKR components up to and
including all the major primary system cam~nents arranged in a closed-loop
configuration. These tests address only a portiOn of the LOCA. Unlike
integral effects tests, however, systems effects tests omit some major feat~]re
of the transient. Examples are omission of ECC injection during blowdown or
core heating during refill. To illustrate TRAC comparisons with these t’!pes
of tests, we have chosen a heated blowdown test without ECC injection in the
Semiscale Mod-i facility and an unheated blowdown test with ECC injection in
the i_OFT facility. Further details of these posttest analyses are given in
Ref. 3.

5.1 Semiscale Mod-1 Heated Blowdown Test S-02-8

The Semiscale Mod-1 test apparatus (Ref, 17) is an improvsd ve~sion of the
Isothermal Semiscale system. In the Mod-1 system, nuclear hf?ating is
si]nulated by a corr comprised of 39 electrically heated rods with both the
power and volume scaled to a typical PWR in a ratio of approximately 1 to
3000. The test apparatus consists of a pressure vessel with sim~lated reactor
internals; an intact loop with active steam generator, pump, and ’pressurizer;
a broken loop with simul~t,e(l steam qenerator, a slmulaterl pump, and pipe
rupture assemblies; and a pressure suppression system with header, auxiliary
steam supply and suppression tanks.

Test S-02-8 was a simulation of a double offset shear (200%) cold-leg
break, It differed somewh,lt from other Mod-l tests in that the resistance of
the simulated pump was reduced by a factor of about 4 below the more typical
value, Prior to the test, the system was brouqht to a steady-state condition
ar,d blowdown was initiated by L caking the two rupture disks.

The T~C model of Test. S-CL-L contains every component modeled by TRAC,
except an accumulator. The model contains a total of 111 fluid cells in one-
dimensional com~nents and 152 fluid cells in the three-dimensional vessel
comwnent. The initial conditions calculated with TRAC for use at the start
of the blowdown are compared with the experimental data in Table III.

-1o-



TABLE III

CCM4PARISONOF CALCULATEDAND MEASURED INITIAL CONDITIONS
FOR SEMISCALE HEATED BLOWDOWNTEST S-02-5

Pa ‘Zmeter Units ~’~-. Data— —

Core Power* NW 1.59

Intact loop coid leg fl
telnperacure K 555.5

Hot to cold leg temperature
differential K

.-
>8,.

pr~;s rizcr p[eg:ure KPa 15600.0

Pump mass flow rate kg/s 7.35

Pump speed Rad/s z~’j.j

Pump Pressure KPJ 283.0

——-—.
*Inpdt to TIulC-PIA

DiffeLenceL are qenerally due to inconsistencies in the test

TF&C

1.59

553.7

39.7

15596.0

7.38

-96.0

268.0

data. None of
these inconsistencies are felt to seriously affect the results of the tran-

sient analysis.

he comparison of TRAC-predicted lower plenlJm pressure with Wst S-02-8
data T, presented in Fig. 5 indicakes that ‘:.UC r?a~s a g~od job of pleriictin~
system performance. The slight underprediction ~. pressure beginning at 11 to
12 s is probably due to prediction of less supert,eat in the upper p~rt of tr,(,
core than was present in the act Lal test.

The most lmportdnt variable that a LOCA analysis coue calculates is ttlr,
maximum clndding tnmperatu:r. Flgurc 6 presents a comparison of the TFU+C: [Jr(-
dictions of thic variable with a band of temperatures that includ(”s all of ttlo
heater rod cladding thermocouplcc in the }Iig’-nst pwer step in the %m,i~c~]c
syster, With the {~xccption CJI a sligl~tl: advance(l timfc to Departure il Ln
Nuc!eat~ Boiling (DNU), TRAC do~s an ex.’i.ll~nt jot) of prcllcting tt,(’ clcrd(lin(l
tempcrat~’re response in the h~qh power zon~.

A mcaninqful Com,pdrlsvn of prrdicted an(l test-derivrrl core
rate

inlc- md :; flow
]c llmltcd to th~ firct 6 s af~ct rupture duc to the del~i l),~l~fl irl tll’

core inlet turl)]nc flew meter. Thiz comparison is shown in Fig. 7, lnf!l-(ill(l

cates that TRAC predirts the magnitude of the immediate ‘.or~ flow rc’vc~ntil
well, I)ut predicts th, core flc}w to return to a ~sltivr rilrection al]out 1 s
before ItIf-’t~s: fllta.

Figure 8 shows that TIUK doos an exccllel)t jot, of predicting the l)ot-lv~]
t)r~ak mazs flow rate. ‘It?c small increase in the test data between 10 all(] ]5 ::
is due to a slug of higher density fluid coming from the intact hot I@g. TImc
calculatioflk of pressurizer surge line flow (Fig. 9) and pump flow rate (}’lq.
ln) also agree well with tc~t data, demonstrating that TIUC J~MI:: all cnc.ollerl~
jot) of prcdlctlnq Intact loop [luld flow ra(cs,

-11-



Fig. 5. Lower plenum pressure for
Semiscale Test S-02-8.
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In summary, TM posttest analyses of ‘~~t S-02-8 are generally in very
good agreement with test results and ill~~trate the ability of the tiude to
accurately predict the thermal-hydraulic response of a PWR-type system during
blowlown but without ECC injection.

5.2 LOFT Nonnuclear Isothermal Blowdown Test L1-4

Tne Loss of Fluid Test Facility (LOFT)15 is a scale model of a large
pressurized water reactor (LPWR). The volume scaling ratio between the LOFT
system and the LPWR is approximately 1:60; flow and break areas are also
scaled using the same ratio. The LOFT L1-4 system consists of a pressure
vessel; an Intact 100F wi~h a pressurizer, steam generator and two pump:: a
blowdawn loop with a simulated steam generator, a simulated pump and tw,
quick-opening valves: and a pressure suppression system.

The pressure vessel contains a hydraulic core simulator~ upper and lower
plena, a dcnmcomcr, and a core support barrel. The blowdown loop is a ‘~olumr-
scalerl representation of one 1(OP of a four-loop LPWR. The simulatr?a steam
qencrator and pump consist of piping containing many orifice plates to actll~vr>
the desired hydraulic resir.tance. The intact loop has a volume approximatoiy
three timez larqer than the I)lowriclwn loop and represents three intact lnop:; (’1
a four-loop LPWR. This loo!) ha:; a u-tubv steam generator, two centrltug~l
pumps, and a pressurizer. ‘1’k,~ prussuro suppression system simulates the l~lg”
containment volume and hack prf.s:~ur[, of t Ill, LPKR and contains the blowdown
~,ffluent.

Tc~f. L1-4, a 20(1’t ckml,l(:-(!n(l(,d co]d-](,q breok with c(>ld-lcq ECC inject i(,n,
was performed to providn infcrrnatiun on drlayed High Pressure Injection System
(HPIS) and LOW Pressuro Injection Systcm (LPISJ cold-leg injection, ot,.~in
data f<)r evalu~tinq riow’,corncr bypass and mixing of the’ ECC with tl~o prin,ar’:
coolant, and providv thermal -hyr?raulic data for comparison with tr:;t. prcdlc-
cions and other expvrirnrntal data for codv asse’.snwnt put ~v)ses, Prior to ttv.
blowdc)wn, th? primary system wos I]rouqht to its initial tr?mprraturr, prr’:;~:]rr’,
and flow rate nf 552 K, 15.75 MPa, and 26Li.4 kg/s, rcr-w[.tively, u~il}q tlv,

work-rncrqy ad(lition c,f the primary coolant pump:;, The presrurizf’r }Ipilt(,r:;

wero de-enerqiz{ I and the I>lowdown wa~ initiated ~Jy opcninq the tw~ {luir:k-
opening valves. Electrical power to tlm primrrry systcm ffIOtOL- qcnerat~’~ WJ:;

terminated within 1 s after hlowrlow,l initiation, which allowed tl~e pumps to
const down under th~ influencf, c~f the flywh~eln onil the fluid dynamic forces
on the pumps. ECC injection WJ:; directed to th~ intact cold lr?q du~in(J
hlowdown. Injection from an accumulator wa~ initiated at a syfitem low
prcs:;urr trip of 4.24 MI-w [abmnlute pres!:ure) . Thl’ IIPIS pump wal; Ilrewt to
inj(lct at 1.0U5 x 10-3 mJ/~; and to initiatr at Z4 ? nftet t)lowcfown. ‘rtlr’
LPIS ~JUfIlp waf, a(l]ustrd to injtia((, I-IO gooncr than 35.5 u afLrr thv initiation
of l~lowdowrl, ulh) itm flt)w rntp varies from O to 0,01 m3/G, df!pendlny t=n tllo

lly!!t c’”! I)rPfi};?urr.
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The TWC calculation for this problem was performed in two stages. First,
steady-state initial cond~tions were obtained by running ~ transient. calcula-
tion (i.e. , use of the trznsient option in TRAC) starting from an initial zero
flow rate, a uniform pres~urc and temperature, and with the two quick-opening
valves closed. all the calculated steady-state para-As shown in Table IVju “alue~.
meters are within 3% of the meas~red The blfiwdown portion of the
calculation is performed by restar’ ing from the dump file obtained from the
steady-state calculation and activatl:lg the two quick-opening valves.

Figures !1 and 12 compare mass flow rates per system volume from Lhc
blowdown legs. The measured mass flow rate from the simulated pump side of
the break (Fig. 11) is approximately constant in the interval 3-10 s. This ic
probably because the pressure losses associated wit)] the many orifice plates
in the simulated steam generator and pump result .n an .Ipproximately consta t
upstream choking pressure. No attempt was made to mdel in detail these
numerous orifice plates. The mass flow rate from the vessel side of the break
(Fig. 12) decreases monotonically because the pressure losses in this leg are
not sufficient to maintain a choking upstream pressure. Oscillations in th!~
measured mass flow rate beginning at approximately 25 s are due to ECC
bypass. TRAC predicts these oscillations in mass flow rate and fluid density
very well.

Fiqure 13 compares the flow rate pcr system VOIUITW in the intact cold
leg. The sharp initial. incrcasr’ and deer-~se in this varlablc at early times
is due to the initial rcactnr vessel decompression. Osciliatlons in the
me.~sured flow rate at the intact cold leg beginning ;it approximately 23 s are
duc to the ECC injection. TIWC predicts the injt: II sudden increase and
decreasr’ as well a!.i the later c>scilla?ions in th~ flow l~te.

A comparison of the mcasur~rl and calculated reactor ves;;el llquid mar,:+ is
qivel} in Fiq. 14. TRAC predicts the reactor vessel liquid mass quite well,

includ~ng the timr’ to rcfil] and the SUIJsequent oscillatlrms in the reactor
vessel liquid mass duc to sluqqinq ECC delivery. The early time (0-20 s)
ral)]d depletion of mass in thf’ rl.]ta is thnuqht to h!+ d(lc to tlw lack of water
lcvol in%trumcntatirm within thi! core. Thus, the core water level is as~umnfl
to I_@ equal to the watel level m~asurerl by tllf’domcmm?l instrument ::tdik~.

% Is -y-
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TABLE IV

CU4PARISON OF CALCULATED AND MEASURED INITIAL
CONDITIONS FOR LOFT TEST L1-4

Parameters

Loop Mass Flow Rate (kg/s)

Pressurizer Pressure (MPa)

Pressurizer Wate: Mass (kg)

Pressurizer Water Level (m)

Steam Generator Primary Side Pressure (MPa)

Steam Generator Prl; ry Side Inlet/Outlet
Temperature (K)

Steam Generator Secondary Sidlu
Temperature (K)

Steam Generator Secondary Side Pressure
(MPa)

(>re Inlet/Outlet Temperature (K)

Total Systen Water Volume at 552 K
&nd 15,75 MPa (m])

Differential Precsure in Intact I,oup
Across Primary Pump:; 1 and 2 (bll’a)

Calculated

261.6

15.7

419.2

l.1]

15.70

:>2.3/553.0

552.0

6.66

552.7/552.6

;.72

0.139

Measured——

268.4

15.75

418.8

1.16

15.75

554.O/552.fI

552.0

6.65

552.0/!54.3

7,72

0.140

LOFT Test 1,1-4 providnd an opportunity to test the ability of TRAC to
predict sy~tems effects during the bl.owdown ancl refill ~tagcs of a LUCA. Wltll
the exception that the core simulator did not contain any heat-gPncratin(J
rods, all tho TRAC components l~rl(.drvl to analyzr! a full-scalo LWR 10CA worl~
exercised in this problem, The good aqrvemcnt obtained tmtween calcul.,tt%l anl

measured r~$ultn indicntc~ LIlat TMC-IJIA providc~ tI CJOOIIreprencntfition (Jl

aystcms c[fectc durlry blowdown and refill for a far:ility wt~r)se scalp i;
Int.ermcdiate botwcrn Semiucale and a full-scale PWR. In particular, theso
results indic~te thiit the effcwts resulting from cold leg ECC in]cwtion nn(l
bypass durinq an uhh~ated blowrlownirefill transient arm pro[)cr]y replest~ntetl

k~y tho physical mndr?l~; and corro]ations in TFUK.

6. INTEGRAL-EFFECTS TESTS

Integral-effects teats ~nvolve all the major components and ph~ncml{’na tlli.t
are expected durinq one or more phnnrs rJf a LOCA. IJecauae LOFT tn the only
nucl~ar-heated integral-eff?cts test facility availahlel we have -hos@n tw(~
LOFT nuclear tents for Comparinnn with TMC resulte, The !irst test (L2-’I) i::
a double-ended cold-l~g large-l)reak LOCA wiLh ECC irjcct ion. Thv n~crmd tnnt

(1,3-1) is similar, ewapt that it is a single-ended emall-l:reak IflCA.
lat~cl resultn for 1

Ca [“u-
both tcntn were obtained from pr~tent pre(!i(:tion:~2 ’22

using TRAC-PIA,

-1 ‘i-
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Fig. 13. Mass flow rat. c in the’ intact
cold leg for LOFT Test L] -4.

6.1 LGFT Large-Break Nuclear Test 1,2-3

Ths nuclear LOFT faCl~itY is the

h?000 1,

\
\
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Fig. 14. Rca[-tor vessel liquid mass
for LGFT Test L1-4.

same a~ described prei’iotisly for non-—
nuclear +.est L1-4, except that ‘he nuclear core is ir Place”
serie.;23 are loss-of-coolant

T sts in the L2
experiments conducted at gradually increasing

initial ~wer levuls to determine the nur!loar core ana inte!jral sy:’tems re-
sponse during all pha~es of a LOCA. Experiments in this se..ics nimulate a

200U double-ended offset shear in the cold leg with EC~ injection. Test L2-3

was conducted flom an :,nitinl power level of 37 MWt (75a of full power), 15.1
Mpa sy:;tem pressure, 573 K hot-leq temperature, land 200 k9/~ cure flow rate”

Th~ TRAC modr:l for L2-3 contains 27 components with a total of 322 fluid
mesh cells. Tho cnt irl! reactor V{’!;scl is modc]crl using the Lhrec-dimensional,

two-fluid v~s:irli module, while hll other compor,cnts are mcfeled uSing Onc-

dimcrisi(nal modules. There arr a tntal of 12 ax!al lCVI?lB in the vessel~
jncluding 5 nxinl IWJUIS within ttlc core rvyim. Each level contains 12 fluid
cplls within tllu corv radius mId 4 fluid celln within each dowl~comer lCV$?l.

Thuz , t.h~rc .r~’ d total of lq2 fll’id cells within th(’ VCISRG1, in’:lu’ling 6(J
wilhin the ~-or~ itmlf. TIN? rcfl~d fine mcnh is initiated 1(I R after accuinu-
lntor injection is started. There are 5 uniform fine-m~sh intervals ior eacl~
axial level, qivinq a total of 25 fine cells.



STIL\DY-STATE

Parameter
Core Pcwer (MW)*

TABLE V

INITIAL CONDITIONS FOR LOFT TEST L2-3

LOFT Initial
TRAC-PIA Condit ions

—3- 37.2 -

Max Heat Generation Rate(kW/m)* 39.4 39.4

Hot Le9 Temp (K) 591.4 591.5 ~1.l

Core T (K) 35.6 35.0

Intact Loop Flow (kg/s) 195.4 167.7

System Pressure (Pa) 1.50X107 1.50X107

—.

*Input to TRAC-PIA.

Pretest cslcl.lated
data24 in Figs. 15 to
Although the agreement

results obtained with TRAC-PLA are compared h’itl, ttle

lR. The upFer plenum pressure is showr. in Flq. 15.
is generally quito good, t!~e ralcul~.tion dcpre:;suriz~fi

more slowly than the data and resultefl in delayed LCC injection. FiqurcI lfJ
sfiows the broken loop cold-leg mass flow. The e~rly ul]derpredictiun ot ‘..tl~’
break flow’ is consistent with the 1,’)crprcdiction of Systc’m pressure. Ttlu
broken COIU lcg was predicted tn voiu less rapidly tllar, the data and ~howvd
more evid?nce of ECC byprtss (sustained high density).

The calculated velocities in th~ intact loop dnmonfitratetl tr~nds similal
to tho d,lta; Imwpver, the magnitudes werti not nlwayr in good agre[’menL. ~’ho

intoct loop hot- and cold-leg densities qcnernlly rlemon!.trated good ayrct”mr’nt.

~igurc 17 compares the calculated and measured claddinq temperutur~~ in
the central ring for ~levations between 0.533 and 0.762 m (the high-power
zon~) . The data show all early dryout and rcwet followed lIy a secor.d drynu?..
‘A’HAC-PIA prmdisted only tho eatly dryout and, therefure, overpredlf’tod tl}~’
peck Claclding ?emperatute. The the ta final quench wiIs alto ov,?rptedicLerl.

TRAC previouslmt had dcmnnstrated an inability to calculate the hot roll
dr}Jut-rewet phenomena in LOFT for Test L2-2. It was sutipertotl tt,at tl,r’
minimum film boiling correlation in TRAC-PIA mig!lt hc at fJUlt cincv IL was
based on low pressure data. The minimum film boillnq correlatirm o!’
Iloeje25 was s~lhfiequently tricrl and found to giv~ muctl bnl t!Jk resultn l~]r
lest L2-2. ~ecaus~ of th~:;, a blind ptetebt prediction of lent Lz-3 wari also
nli~de using Lhe Iloeje cof relation in TRAC-PIA. Tho rr~ultt~ uf thit calcula-
tion are also ohown it) FI!I, 17 for the hiqhnat power region ~11 thr core. Fu I

thit+ ctilcI latlonl the cod,’ p~edicted tllv initial dryout and row~’t and thr’ }iu:,-
tained dryout, The calcul~ltion ●ndefl jubt before the rew~t time in CI)II d,ita
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correlation i~ accepted for general use, its ability to predict data from
other facilities must be demonstrated. Further testing aga.nst experimer?t~l
data is \lnderway,

6.2 LOFT Small-Break Nurlear Test L3-1

Nollowing the Thlee-Mile Inland (~1) accident, th~ planned small-break
tests (L3 series) in LO~ were moved ~head and the remaining large-break tests
(L2 series) were postponed. f’est 1.3-1 was a single-ended small brtak in the
cold leg with ECC injectjon. The break orifice was sized so that the break

flow is gzeater t$an tile ECC fl~w and the system will repressurize. Test 1)3-1
was to be c.):lductcd from steady-state conditions of 50 MWt initial ~wer an[l
primary coolant loop flow of 478.8 kg/s. The actual conditions differed
slightly from these values. ECC consisted of tn. HPIS, the accumulator, ,nd
the LPIS injecting into Lhe intact hop cold leg. The broken 10GP hot-leq
is, ‘>tion valve was clr%ed. TF~ break simulator orifice inst~lled in the

brt n loop cold leg !’ad a 1.6-cM id.
tri~jpinq the reactor. When the control
tripped, and the quick opening blowdown
opened.

The TRAC model for Test L3-I used

except that fewer mesh cells were used
much larger transient time of Test. L3-i,.
rmmpor,ents involvinq 124 flllid CC1lG (36

Tne test wa!, initiated by manuall’.

rodr. rwched bottom~ the pumps weLe

valve in tile brnkea loop cold leg w~s

similar companent.s to tildt tor 1,2-3,
to speed up the calculation for the

The L3-1 model contained 24 separate
in the vessel).

Tht power decay curve used in the calculation was based on the ~toposf,ti
1~77 ANS 5.1 F’,andard sinc~ the Information on the 40 hours operation dt,c~y
curve f,r ~opT was Unavaila),]cm Thus differf~ncc rcfiu~ts in significant ovcr-
predicti~.,1 of tl~cay Powmr late in the tl”~n.iient (a rroaching 21% at 1500 s).
The pllmp coast50wn was specified based on L3-O data. %

l’he initial steady-statv ccmflitions ~r~rc again calculated with th{,
generalized steady-state c)ption in TRW using the vppcified power of 50 Mh’t.
A comparison of the ct,lculatcd ini~ial conditions is made in Table VI with t;w
speclf~c,l an(; ~~tllitl t~~t conditions, Nr,tp that t~,e actual initial ~r>nrli~.iur;;.

deviated somewhat f)om tht,se specitiedl huwevtr, the calculated initi:ll conrli-

tions aqrec within t.lw uncf~rtsrinty of the measl]rflmf’ntc for mI)G\ of tt,f,

variable.? compared,

At the beginning of the trarlcient calculation, a triF ~~as set to i
c,)rc ~wcr decay and pump constduwn. HPIS was initiatrd orl o trip

Las(’d on the intact loop hot 1c9 preas(’re, The accum~:ar.or inject,
passively init~atr?d by a check valve opening in respon!io f.o falling
pressure. The calculatiol~ wus completed through 1500 n, At the ef,d
calculation, the LPIS ha[l not come cn.

]iticltr:
siyntll

C!ll WJ!,
system
or thg



The overpre’liction of pressure was the direct result of under predicting
the cold ~!eg break flow (Fig. 20). (The first five data points were shcwn as
discrete points in the quick-look report.) The subcooled critical flow was
significantly underpredictcd, and then from 50-400 s, the calculated flow
leveled out on a plateall of much longer duration than can be inferred frcm the
data . The calculated en.3 measured cladding temperatures essentially followed
S.lturaticn with no bllstd~ned dKyG’JtS.

As discussed earlier, the main reason for underpredicting the cold leg
break flow was the lack of a r?elayed n~cleation model in TRAC-PIA. In addi-
tion, it was found that swan amounts Cf void were beinq incorrectly convected
into the nozzle even thouqh the water was significantly subcooled.

ZABLE VI

LOP1’ TEST L3-1 INiTIAL CONDITIONS

Parameter—-.
Power(W)

IfitaC!. IOCFI ilOW (ky/s)

Intact loop hot leg plcssure (14PU)

Prvssilrizer liqllid vol~me (rPJ)

Intac( loop cold leq tempcratur” (K;

Iiltact loop hot lcg temperctur(’ (K)

Pump sl)~ed (buth) (rod/s)

Steam qenerator gecon:lary

Pressure (Ml](n)
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Em ● TRAC- .—
59.0 50.0

47C.8 481.4

14.95 14.95

0s634 3.6.34

556.7 556.5

576.0

>>4m(J

4.?.9

Actual
40.9 ~ 1,0

484.0 ~ 6.:1

14.85 ~ 9.04

0.620 ~ 0.13fIiI

554.0 ~ >,0

574.0 k 1.0

323.0 (pU~lJ 1)

J2H.O (Punl~j /1

5.43 J [),11...
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1

I
i
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Fig. 21. Comparison of pcxttest and pretest
calculated intact loop ~old-le~ pressure

to LOFT Test L3-1 data (PE-PC-1 ) .

A psttest calculatlGll was performed with these two deficiencies cor-
rec~ed. Comparisons of the posttest and pretest calculated intact loop cold-
leg pressures to the data are zhown in Fig. 21. While the pretest calculation
ovcrprerlicted the pressure throughout the 200 s shown, the posttest calcula-
tion is in better agreement with the d:..a. The posttest calculation pressure
comparison further supports the conclusions drawn relative to the break mas$
flow comparisons.

In addition to dlfficultiss in calculating the subcooled break flow, other
factors affecting the calculated pressure response include:

1. Usc of the 1977 ANS deca} curve (insLead of the LOFT 40-hour
operation decny

2. llc’aL Iossej to
significant for

curve) overestimates the decay heat.

t},e environment were not modeled, and these cuuld be
this long-term transient.

3. Il}rpass flow through the reflood assist line was not modclt?d.

CO(IP protllem~ idontiflc~d in thrl L3-1 antilyses are being rectified in the next
code ver:~ion (TWC-PD2). Input-related pu~blems are curtcntly b~lng studied.

SUMMARYAND CONCLUSIONS

The reuu]ts presented in this paper are only a sampling of che experimen-
t,’sl assessment comparisons performed to date for the TRAr code. They are
repre~entative of the broader aasesament sit, howevei, and con serve as a
haSi~ fOr evaluating th(’ Capiiljilities of thf’ currerlt version of TWC and
establishing areab of needed improvement. In general, the comparison have
been v~ry encouraging. They have indicated that ;hc basic modeling and
numerical framework tulng developed in TRAC is fundamentally sound. Tho
cr)mpariwn~ have id’zntifiecl several arean where specific models needed tr) be

imprr~ved, however. These improvements are being tmplemcntcd in later vt?rsionc
of the cede,
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Experience to date has shown that TRAC generally does an adequate job of
predicting blowdown and refill behavior. In particular, the multidimer.sional
two-fluid treatment of the vessel downcomer f~cw seems to do an excellent job
of predicting bypass behavior, The one-dimensional treatment of loop compo-
nent flow also appears to do a good job, including the adequate prediction of
most break-flow situations (without the use of an empirical break flow

model) . As pointed out in the paper, however, several improvements in the
constitutir~e relationships are being implemented to alleviate specific diffi-
~ulties, such as the underprediction of subcooled break flows.

The modeling of reflood behavior in the early version of TRAC has been

less satisfactory. Although the approach of usinq a quench front velocity
correlation did a reasonable job of predicting high flooding rate FL,ECHT

experiments, the comparisons with data were less satisfactory for low flooding
rate tests. This was partly due to an inadequate treatment of liquid carry-
over and, consequently, rod precooking. An entirely new reflood treatment is
being implemented into TRAC-PD2 along with improvements in the entrainment

modeling.

An important conclusion to be drawn from the early experimental assessment
of TRAC is whether or not it is feasible to develop a code that can predict a
broad rar,ge of experiments without allowing numerous usPr-selectecl options and

parameter variations from or~e test, to the next. As mentioned in the introduc-
tion, this is believed to b~ an essential element in providil~g confidence that

a code has predictive capability for situations where direct experimental data
does not exist (e.g., an actual rsactor u::der ~.ccident conditions). Our
experier,ce tc date indicates that this is indeed possible, although quite
difficult. The demands on the fluid dynamics modeling are enormous since the
flow-regime--dependent co stitutiv~ equation package must adequately recognize
and ]Iloclel a broad range of constantly changing two-phase flow conditions.

The experimental assessment procedure becomes very tedious for this type
of approach. Whenevc,r significant cha- ges are made to the modeling, the
impact on the entire experimental assessment set must be evaluated. Thlz
becomes very time consuming as the number of experiments encompassed in the

set becomes large. Nevertheless, experimental comparisons of the type
presented in this paper are demonstrating t,~at the basic approach is vial~le.
Further , we believe that as the assessment set is successfully expanded to

enrornpass all available data (including planned fuli-scale separate effect
tests), a solid technical basis for predicting fuil-scale LWI? behavior will

have been provided.
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